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One of the most prevalent environmental issues throughout the Midwest is nitrate (N03) contamination of 
surface waters. Non-point source pollution resulting from nitrogen (N) fertilizer use on artificially 
drained agricultural land has been identified as a major contributor to this problem. High levels of nitrate-
nitrogen (N03-N) in water supplies pose risks to humans and livestock (Tyson et. al., 1992), and has cost 
some communities millions of dollars for N03 removal. The city of Des Moines, Iowa alone has spent in 
excess of 5.3 million dollars, not including labor costs, for nitrate treatment of its drinking waters from 
1992-1996 (Graham, 1997). Nitrogen nutrient pollution ofthe Mississippi River and its tributaries has 
been repeatedly identified to be responsible for the degradation and destruction of freshwater and marine 
ecosystems. Elevated N nutrient contents have altered natural aquatic floral and faunal population 
dynamics, exacerbated occurrences of hypoxia and anoxia and sped the processes of eutrophication in 
lakes, reservoirs and the Gulf of Mexico (Alexander et. al., 1995). 
Beginning in 1997, the USDA-ARS National Soil Tilth Laboratory (NSTL) has initiated a watershed 
scale research project to evaluate the late-spring soil nitrate test (LSNT) program as aN management 
alternative for com production and to determine its ability to reduce N03 contamination of surface waters. 
This investigation, the Walnut Creek Nitrogen Initiative, has evolved from an on-going water quality 
assessment study of an extensively tile drained agricultural watershed --Walnut Creek -- located near 
Ames, Iowa. Data from this study indicated that N03-N concentrations were at or above the maximum 
contamination level (MCL) of 10 ppm for extended periods for most years of measurement (Fig. 1) 
(Hatfield et. al., 1996). 
Our goal for the project is to determine the potential of a conservation-based N fertilizer program to serve 
as a management tool for com production. Endpoints are reduced N03 contamination in surface water 
and maintenance of economic viability when compared to conventional farming practices at the 
watershed scale. Project objectives are to: 
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• Quantify the change in stream flow N03 content as a result of implementing the conservation-based N 
fertilizer program. 
• Develop anN balance for the conservation-based N management system. 
• Determine the economics and farmer-cooperator perspectives of the conservation-based N 
management system. 
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Fig 1. Nitrate-N concentrations of surface water samples from subbasin 220 of Walnut Creek. 
Methodology and Rationale 
We are using an alternative N fertilizer management program based on the LSNT system that has been 
shown to significantly reduce off-site N03 movement and produce competitive com yields at the plot-
scale level (Kanwar et. al., 1997). The LSNT method is designed to increase N use efficiency by 
estimating the amount of plant-available N in early June (Blackmer et. al., 1993). Sampling at this time is 
optimal for assessing the effect of both spring N03leaching losses and mineralization gains ofN03-N. 
Also, with this system, com N fertilizer is managed in split applications; the first application is a nominal 
rate shortly before - or at - planting, the second occurs soon after late-spring soil sampling with the rate 
determined by sampling results. Current conventional com N fertilizer management consists of a single 
pre-plant application, usually done the fall prior to planting, leaving the applied N at risk to off-site 
movement for several weeks to months. Although the LSNT program may not reduce overall N fertilizer 
rates, managing theN fertilizer in split applications may increase N use efficiency by delivering the 
second application while the com crop is actively growing. The crop has the opportunity to assimilate the 
N as soon as it becomes available, leaving a smaller portion of theN fertilizer to fates such as 
denitrification, leaching, microbial immobilization and runoff. 
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Measurements for the project are as follows : 
• Monitoring of stream and tile flow nitrate-nitrogen levels. 
• Annual LSNT samples for each cornfield (grid sampled). 
• Initial soil phosphorus (P), potassium (K), pH, nitrate (N03), ammonium ~). and organic matter 
(grid sampled). 
• Initial soil N mineralization potential. 
• Annual com plant N status during the growing season. 
• Annual com basal stalk nitrate and grain N content (grid sampled). 
• Annual com and soybean yield via yield monitors with global positioning systems (GPS) and 
geographic information systems (GIS). 
• Annual economic analysis of the two N management systems. 
• Annual farmer-cooperator opinion surveys. 
Water monitoring stations have been established at three N management watershed subbasins, thus, we 
will use a paired subbasin approach to evaluate the impact of the LSNT N management system on water 
quality. Two of the subbasins (210 and 230) are under the farmers' normal N fertilizer management 
practices (typically, fall application of anhydrous ammonia) and serve as comparisons to the third 
subbasin (220) where theN fertilizer is managed with the LSNT system. We do not expect to be able to 
detect any changes in surface water N03 concentrations for at least 6-12 months after changes inN 
management have been implemented. This is due to the relatively high soil organic matter levels in the 
watershed that tend to create a buffer inN cycling and dynamics. 
Com plant N status and grain yield are monitored to determine if the LSNT system also optimizes 
economic return for farmers. Com plant N content is measured by use of chlorophyll meters at V9-V12 
com growth stage (Ritchie and Hanway, 1982}, remote sensing and basal stalk samples (Blackmer and 
Mallarino, 1994). Chlorophyll meter measures are used to determine deficiencies in plant N content. The 
device is based upon the assumption that the greater the measured number, the greater the plant N 
content. A preplant application of approximately 50 lb. N/a is applied to each cornfield with the farmer-
cooperators' preemerge herbicides just a few days prior to planting. Field-long strips of a low rate 
(limited N) and a high rate (nonlimited N) ofN fertilizer were placed in each com field and oriented to 
include each of the soil types within the respective fields. The purpose for the high and low N rate strips 
is to provide calibration for the chlorophyll meter and remote sensing measures, and for evaluation of 
com response to varying N rates in each fields' soil types. Soybean and com grain yield data are gathered 
with yield monitors and GPS, then processed and analyzed with GIS. Farmer-cooperator opinion surveys 
and economic analyses will be conducted following annual harvest. Initial state samples of the study area 
were collected in the fall of 1996, as were basal cornstalk, grain samples and yield data. 
Project Cooperative Partnerships 
Several area farmers and a local ag-business, the Heartland Co-op of Slater, Iowa, are working with 
USDA-ARS NSTL scientific personnel. Farmers are collecting geo-referenced yield data from each field 
in the subbasin, and Co-op personnel assist with yield equipment and data management. Iowa State 
University Extension personnel are assisting with economic analyses with their Iowa Crop Management 
Database software. 
Late-Spring Soil Nitrate Test Results and Fertilization Rates 
Although many project activities began in the fall of 1996, 1997 was the first year ofN fertilizer 
management changes in subbasin 220 using the LSNT program. Table 1 summarizes the 1997 LSNT 
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results and N fertilization rates for the cornfields. The LSNT N fertilization recommendations for 
sidedressing ranged from 78.9 to 115.0 lb. N/a., a difference of36.1lb. N/a. However, due to variability 
in the preplant and sidedress equipment and operations, the total amounts ofN fertilizer applied for the 
growing season for the fields ranged from 127.0 to 160.1lb. N/a., a difference of 33.1 lb. N/a. 
T bl 1 a e F" ld b fi ld LSNT I b 1e lY 1e a resu ts, N fi T ert1 1zer recommen da " d r d t10ns an app11e rates fi 1997 or 
LSNT Applied- Year total 
Spring recommended Sidedress recommended LSNTN 
preplant N LSNT Soil N fertilizer N fertilizer sidedress N fertilizer 
application N03 sidedress rate applied fertilizer rates rates 
Field (lb. N/a) (ppm) (lb. N/a) (lb. N/a) (lb. N/a) (lb. N/a) 
4021 50.2 14.5 83.8 76.8 -7.0 127.0 
4234-1 54.7 15.2 78.9 73.5 -5.4 128.2 
3012-1 52.2 11.3 109.7 105.2 -4.5 157.4 
2672 51.8 12.0 103.8 104.0 0.2 155.8 
2703-1 51.0 12.6 99.0 109.1 10.1 160.1 
2776-1 50.2 10.6 115.0 101.3 -13.7 151.5 
2776-2 50.2 11.9 104.5 98.6 -5.9 148.8 
3198 55.6 11.6 107.2 99.6 -7.6 155.2 
The high and low N fertilizer strips' rates, and comparisons of the LSNT program and fanner-cooperator 
nonnal N fertilization rates are shown in Table 2. The LSNT program reduced N fertilizer rates on only 
two of the eight cornfields and considerably increased N rates on three fields. The remaining three fields 
(2672, 2776-1 and 3198) had comparable N fertilizer rates between the LSNT program and the fanner-
cooperators' nonnal programs. 
Table 2. Comparison of 1997 LSNT program applied N fertilizer rates to fanner-cooperators' nonnal 
N fi T d fi Ids' h. h d 1 N fi T ert1 1zer rates, an 1e 1g1 an ow ert1 1zer stnp rates. 
LowN HighN Year total Fanner-cooperator's LSNT- fanner-
fertilizer fertilizer LSNT nonnal N fertilizer cooperator's nonnal 
strip rate strip rate N fertilizer rate rate N fertilizer rate 
Field (lb. N/a) (lb. N/a) (lb. N/a) (lb. N/a) (lb. N/a) 
4021 50.2 280.6 127.0 144.0 -17.0 
4234-1 54.7 275.2 128.2 98.4 29.8 
3012-1 52.2 262.5 157.4 170.0 -12.6 
2672 51.8 259.8 155.8 150.0 5.8 
2703-1 51.0 270.6 160.1 135.0 25 .1 
2776-1 50.2 252.8 151.5 150.0 1.5 
2776-2 50.2 247.3 148.8 125.0 23.8 
3198 55.6 254.9 155.2 150.0 5.2 
Despite having mixed results on affecting field-to-field N fertilization rates, the LSNT program may still 
have the potential to reduce tile drainage N03concentrations by timing a large portion ofthe total applied 
N fertilizer when the com crop is actively growing. Also, the results from the first year suggest that on a 
whole-field basis the fanner-cooperators may have been matching their N fertilizer rates fairly well to the 
soils' properties and the com crops' needs. 
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Crop Response 
Com and soybean yields across subbasin 220 from 1996 displayed typical variability by soil type and 
farm operator. The 1996 yields serve as part of a baseline for this study, but do not warrant discussion 
here. 
From observations from yield monitors and preliminary data, 1997 yield trends by N rate were similar for 
all cornfields in the subbasin, though the relative scale differed occasionally among fields. On average 
for all cornfields, the LSNT N rates yielded within 98% of the high N rates and the low N strip yielded 
within 84%. Given the small discrepancy between the LSNT and the high N rate strip yields, we expect 
that the basal stalk N03 tests will confirm that the LSNT program provided a sufficient amount ofN to 
optimize com yields this year. By topographic location, comparing com yields between the LSNT rate 
and the high N rate, the high N rate occasionally yielded better at the crest of the knolls and center of 
potholes. No differences were detected along the sideslopes. The low N rate yielded considerably less 
than the other N rates at most of the knoll and pothole areas. However, the differences between the low N 
rate and other N rates diminished --and at times were similar-- on the sideslopes. 
Field 3198 displayed many of the trends discussed above and is presented here as a representative sample 
of the entire subbasin area' s cornfields. Chlorophyll meter measure averages and standard deviations by 
soil type reflect negligible differences by soil type (Table 3). The LSNT N rate displayed similar plant N 
contents to the high N rate, but the low N rate consistently reflected slightly lower plant N across all soil 
types compared to the other N rates. Variability in chlorophyll meter measures by soil type and N rate 
was fairly consistent. Com grain yield displayed much more variability by soil type and N rate than did 
the chlorophyll meter measures (Table 4). This may be due to grain yield being influenced by the entire 
growing season's climatic conditions as opposed to the chlorophyll measures only being influenced by 
the period from planting to early summer. With the exception of the Okoboji soil (pothole location), the 
low N rate yielded considerably less than the other N rates with differences diminishing on the sideslope 
soils. The similar yields for all three N rates at the pothole location are a deviation from observations of 
other fields. Observations during the growing season noted that this pothole area had better drainage than 
other similar soil map units, which may be due to better tile drainage of this pothole than others. The 
LSNT N rate and high N rate had comparable yields. 
Table 3. Chlorophyll meter measures from the low, high, and LSNT N rate areas of field 3198 during 
V9-V12 growth stage of com (1997). 
Chlorophyll Meter Measures 
Average Standard Deviation 
Soil Type: 61 
N rate (lb. N/a) 
Low, 55.6 51.9 
LSNT, 155.2 54.2 
High, 254.9 56.1 
I .. OkobOJI, pothole sod 
2 Harps, pothole rim soil 
3 Webster, pothole rim/sideslope soil 
4 Clarion, knoll soil 
95l 
47.1 
53 .2 
50.9 
1073 1384 6 95 107 
49.9 50.9 4.6 4.7 5.4 
52.9 54.3 3.5 4.1 4.1 
51.1 52.9 4.2 4.2 5.7 
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138 
5.0 
4.3 
5.4 
Table 4. Com grain yield from the low, high, and LSNT N rate areas of field 3198 ( 1997). 
Soil Type: 61 
N rate (lb. N/a) 
Low, 55.6 173.3 
LSNT, 155.2 171.5 
High, 254.9 179.7 
I .. OkoboJI, pothole soil 
2 Harps, pothole rim soil 
3 Webster, pothole rim/sideslope soil 
4 Clarion, knoll soil 
Average (Bu/a) 
952 1073 
123.4 153.6 
168.3 171.4 
166.7 166.5 
Conclusions 
Com Grain Yield 
Standard Deviation (Bu/a) 
1384 6 95 107 138 
133.8 14.6 27.2 16.1 27.0 
154.6 14.6 20.6 7.4 15 .3 
154.0 6.5 15 .0 5.3 18.2 
Since 1997 was the first year ofthis three-year project, definitive statements about the ability ofthe LSNT 
program to reduce surface water N03-N contamination and its economic performance cannot yet be 
made. From the baseline data that has been compiled to date, we know that soil fertility differences (i.e. , 
phosphorous, potassium, pH and soil organic matter) exist between fields, reflecting differences in 
management practices among the farmer-cooperators. Differences in the amount N03-N leached to 
subsurface tile drains (Cambardella et. al., 1997), N mineralization potential, and yield responses to 
applied N also exists among soil map units. 
As this project continues we expect to gain a better understanding of several factors related to N fertilizer 
management. Soil map units' yield responses to applied N may be more accurately predicted, which 
should advance the science of variable rate N application. Long-term economic performance and risks of 
the LSNT program compared to traditional practices will be quantified. Economic analyses and field net 
income maps will help researchers and farmer-cooperators to identify areas requiring alternative 
management, and advance mathematical and GIS models that predict the impact of establishing 
reconstructed wetlands. Understanding the LSNT program's impact on surface water N03-N 
concentrations will likely require all of the data that will be collected over the full duration of this project. 
This is due to the dynamic nature ofN in the soil environment, the variability in central Iowa soils and 
climate, and because fertilizer N is not the sole source ofN that can enter surface water and groundwater 
resources. 
At the conclusion of this study we hope to be able to answer whether or not a widely recognized N 
fertilizer best management practice (the LSNT program) can be expected to reduce the amount of surface 
water N03-N contamination from artificially drained Midwest soils. If not, then we will know that other 
methods, or combination of methods, must be examined and implemented to help solve this important 
economic and environmental problem. 
174 
Literature Cited 
Alexander, R.B., R.A. Smith and G.E. Schwarz. 1995. The regional transport of point and nonpoint 
source nitrogen to the Gulf of Mexico. In Proc. of the Gulf of Mexico Hypoxia Confer. Kenner, La. Dec. 
5-6, 1995. 
Blackmer, A.M. and A.P . Mallarino. 1994. Cornstalk testing to evaluate nitrogen management. Ia. St. 
Univ. Ext. Pub. PM-1584. 4 p. 
Blackmer, A.M., T.F. Morris, B.G. Meese and A.P . Mallarino. 1993 . Soil testing to optimize nitrogen 
management for corn. Ia. St. Univ. Ext. Pub. PM-1521. 4 p. 
Cambardella, C.A., T.B. Moorman, D.B. Jaynes, T.B. Parkin and D.L. Karlen. 1997. Water quality in 
Walnut Creek watershed: nitrate nitrogen in soils, subsurface drainage water and shallow groundwater. In 
review. 
Graham, D. 1997. Unpublished data. Des Moines, Ia. Waterworks . 
Hatfield, J.L., D.B. Jaynes, M.R. Burkart and M.A. Smith. 1996. Water quality and farming practices in 
an agricultural watershed. In Proc. Watershed '96- Moving Ahead Together (Technical Conference and 
Exposition). Baltimore, MD, June 8-12, 1996. p.lOI-104. 
Kanwar, R.S., D.L. Karlen, C.A. Cambardella, T.S. Colvin and C. Pederson. 1997. Impact of manure and 
N-management systems on water quality. In Proc. Eighth Annual Integrated Crop Management Confer. 
Ames, Ia. Nov. 19-20, 1996. Ia. St. Univ. Ext. p.165-173. 
Ritchie, S. and J. Hanway. 1982. How a corn plant develops . Ia. St. Univ. Ext. Spec. Report No. 48. 21 p. 
Tyson, A., M.L. Dixon and W. Segars. 1992. Your drinking water: nitrates. Univ. Ga. Ext. Pub. 819-5 . 
7p. 
175 
